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@ An electric power generating device including an 
induction type electric rotating machine rotating in 
interlock with an engine comprises an inverter con- 
nected at the AC side to and end of an armature 
winding and at the DC side to an electric power 
storing device, a detecting means for detecting the 
quantity of state related to the electric power gen- 
erating voltage of the induction type electric rotating 
machine excluding the measured RPM of the induc- 
tion type electric rotating machine but including the 
electric power storing voltage of the electric power 
storing device, and an electric power generation 
controlling means for maintaining the electric power 
storing voltage within the preset range by controlling 
the frequency of the controlling voltage of the in- 
verter based on the quantity of state related to the 
electric power generating voltage. This electric pow- 
er generating device can control the electric power 
generation without using any RPM detecting device 
for the Induction electric machine, and as a result, 
the composition of the device can be simplified. The 
frequency can be controlled so that the frequency 
can be changed in the direction in which the dif- 



ference between the electric power storing voltage 
and the preset reference voltage is reduced. 
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CROSS REFERENCE TO RELATED APPLICA- 
TION 

This application is based upon and claims the 
benefit of priority of the prior Japanese Patent 
applications No. 6-9699 filed on January 31, 1994, 
No. 6-187307 filed on August 9, 1994 and No. 6- 
187321 filed on August 9, 1994, the contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 ■ Field of the Invention: 

The present invention generally relates to an 
electric power generating device for vehicles. More 
particularly, the present invention relates to an 
electric power generating device for charging a 
battery for vehicles by using an induction nnachine. 

2. Related Arts: 

In the Japanese Unexamined Patent Publica- 
tion (KOKAI) No. 63-302119. an induction type 
electric power generating device, which is driven 
by an exhaust gas turbine for vehicles, is dis- 
closed. This induction type electric power generat- 
ing device aims to give priority to the efficiency of 
the turbine and therefore operates within the rota- 
tion area of the best turbine efficiency by adjusting 
the slip thereof. 

In the Japanese Unexamined Patent Publica- 
tion (KOKAI) No. 2-87999, there is a proposal that 
the required slip state should be maintained by 
controlling the frequency of the inverter based on 
the revolution number (RPM) of the electric power 
generating device detected by an RPM sensor. 

In the induction type electric power generating 
device proposed in the above publications, the 
electric power generating amount should be ad- 
justed by detecting the RPM of the device and 
controlling the slip. However, in induction type 
electric power generating devices, unlike synchro- 
nous electric power generating devices, the excit- 
ing frequency is determined from the charging 
power source side. Characteristically, the torque, or 
the electric power generating amount significantly 
varies due to even slight change In the RPM (slip) 
in spite of the frequent, speedy speed variation of 
the slip caused by the variation of the engine RPM. 
Therefore, wpien an induction machine is applied to 
an electric power generating device for vehicles, 
there is a need to use a high-precision, high- 
responsive RPM sensor (speed sensor) to control 
the slip at a high speed and a high precision. This 
has been a major drawback of a conventional 3- 
phase synchronous electric power generating de- 
vices (alternators) in using induction type electric 



power generating devices as electric power gen- 
erating devices for vehicles. 

In particular, the above problem in controlling 
electric power generation by controlling the slip is 
6 more serious when the induction type electric pow- 
er generating device is speed-increasingly driven 
by a belt for reducing the size and weight thereof 
or provided with multiple poles (8 poles or so) for 
increasing the frequency and speed. 

10 

SUMMARY OF THE INVENTION 

In view of the above problem, the present 
invention has an object to provide an electric power 

15 generating device for vehicles which can stably 
and simply control the electric power generation 
performed by an induction type electric rotating 
machine working with a vehicle engine, the RPM of 
which varies frequently and speedily, without mea- 

20 suring the RPM of the induction type electric rotat- 
ing machine. 

To achieve the above object, in the present 
invention, particularly an electric power generation 
controlling means is provided for maintaining the 

25 electric power storing voltage of an electric power 
storing device within the reference range by con- 
trolling the frequency of a controlling voltage of an 
inverter, which is connected to an armature winding 
and the electric power storing device, based on the 

30 quantity of state related to the electric power gen- 
erating voltage of the induction type electric rotat- 
ing machine excluding the actually measured RPM 
of the induction type electric rotating machine but 
including the electric power storing voltage of the 

35 electric power storing device. 

The quantity of state related to the electric 
power generating voltage except for the actually 
measured RPM of the induction type electric rotat- 
ing machine referred to above is composed of 

40 signals obtained by collectively or individually pro- 
cessing the parameters including electric power 
generating voltage (voltage at the armature winding 
end of the induction type electric rotating ma- 
chine), the terminal voltage of the electric power 

45 storing device (electric power storing voltage), the 
voltage difference between the electric power gen- 
erating voltage and the electric power storing volt- 
age, and the electric power generating current. 

Furthermore, in the present invention, the elec- 

50 trie power generation controlling means shifts the 
exciting frequency in the direction for reducing the 
difference between the electric power storing volt- 
age of the electric power storing device and the 
preset reference voltage. That is, when the electric 

55 power storing voltage is lower than the reference 
voltage and charging should be reinforced, the 
frequency is reduced and the slip is shifted to the 
negative direction, whereby the electric power gen- 
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erating current is increased. On the other hand, 
when the electric power storing voltage is higher 
than the reference voltage and the electric power 
generating output can be reduced, the frequency is 
increased and the slip is shifted to the positive 
direction, whereby the electric power generating 
current is reduced. 

In this arrangement, the electric power genera- 
tion of the induction machine can be controlled 
only by controlling the frequency based on the 
electric power storing voltage without measuring 
the actual RPM of the induction machine. 

It is another object of the present invention to 
determine the exciting frequency by indirectly ob- 
taining the RPM N of the induction type electric 
rotating machine without measuring the same, and 
by using the RPM N and a target slip value. 

To achieve the above object, the electric power 
generation controlling means computes the RPM N 
of the induction machine by inputting the engine 
RPM Ne and multiplying the engine RPM Ne or the 
value obtained by multiplying the engine RPM Ne 
by the belt slip ratio k and further by the preset 
belt speed-increasing ratio. Although the RPM N is 
not a highly accurate value, at least the maximum 
possible RPM (with the minimum belt slip) and 
minimum possible RPM (with the maximum belt 
slip) of the induction type electric rotating machine 
at the present can be detected. Therefore, the 
exciting frequency can be determined by using the 
RPM N and a preferable slip value computed as a 
function of the RPM N, electric power storing volt- 
age, etc. In addition, by determining the exciting 
frequency so that the exciting frequency is at the 
synchronous speed lower than the maximum possi- 
ble RPM (with the minimum belt slip), the induction 
machine can be prevented from erroneously op- 
erating as an electric motor when operating as an 
electric power generator. 

It is still another object of the present invention 
not to give any shock to the engine or to prevent 
the shortage of charging when the induction type 
electric rotating machine operates as an electric 
power generator without shifting to the electric mo- 
tor side. 

To achieve the above problem, the electric 
power generation controlling device sets the mini- 
mum value of the frequency to a value less than 
the synchronous frequency of the induction type 
electric rotating machine at the time when the 
engine is in idling when the machine operates as 
an electric power generator. 

Furthermore, in the present invention, the elec- 
tric power generation controlling means can detect 
the electric power generating current whereby the 
exciting frequency can be controlled the electric 
power generating current. 



In this arrangement, when the electric power 
storing voltage is higher than the preset reference 
voltage and the electric power generating current is 
larger than the reference current in spite of no 

5 need of charging, for example, the electric power 
generating current can be reduced by increasing 
the exciting frequency and shifting the slip in the 
positive direction, or the electric power generating 
current can be lowered or reduced to zero by 

10 setting the on-duty ratio of the inverter to 0. 

On the other hand, when the electric power 
storing voltage is lower than the preset reference 
voltage, and the electric power generating current 
is smaller than the reference current in spite of the 

15 need of charging, for example, the electric power 
generating current can be increased by reducing 
the exciting frequency and shifting the slip in the 
negative direction. In addition, by computing the 
voltage difference indicating by how much the 

20 electric power storing voltage is lower than the 
reference voltage, the electric power generating 
current can be changed according to the voltage 
difference (in a positive correlation to the voltage 
difference). 

25 Furthermore, when the electric power generat- 

ing current is smaller than the minimum current 
preset according to the characteristically of the 
induction type electric rotating machine, the excit- 
ing frequency can be increased based on the judg- 

30 ment that the slip is too proximate to 0, i.e., the 
electric motor side. 

In this arrangement, the electric power genera- 
tion of the induction machine can be controlled 
only by controlling the frequency based on the 

35 electric power generating current or the combina- 
tion of the electric power generating current and 
electric power storing voltage without measuring 
actual RPM of the induction machine. 

In the present invention, the electric power 

40 generation controlling means can detect the elec- 
tric power generating voltage (voltage at the ar- 
mature winding end) and control the frequency 
based on the electric power generating voltage. 
In this arrangement, when the induction type 

45 electric rotating machine operates as an electric 
power generator, a high electric power generating 
voltage means a large electric power generating 
power current, while a low electric power generat- 
ing voltage means a small electric power generat- 

50 ing current. Based on this relation, the electric 
power generation can be controlled, even if the 
electric power generating current is replaced by 
the electric power generating voltage. 

Furthermore, in the present invention, the elec- 

65 trie power generation controlling means can com- 
pute the electric power generating current based 
on the voltage difference between the electric pow- 
er generating voltage and the electric power storing 



3 



5 



EP 0 665 637 A1 



6 



voltage (in a positive correlation or in direct propor- 
tion to each other), whereby the electric current 
sensor can be omitted, which is greatly advanta- 
geous in simplifying the composition of the device. 

Moreover., in the present invention, the electric 
power generation controlling means can compute 
the slip based on the detected electric power gen- 
erating voltage and electric power generating cur- 
rent and compute the RPM of the induction type 
electric rotating machine from - the slip and the 
exciting frequency. Therefore » the exciting frequen- 
cy can be determined by using the RPM and the 
target slip, whereby the RPM of the induction type 
electric rotating machine can be computed and the 
electric power generation can be controlled without 
using any RPM sensor, which Is greatly advanta- 
geous in simplifying the composition of the device. 

Incidentally, it is. of course, possible to change 
the number of phases of the induction machine, the 
type of the rotor, i.e., squirrel-cage type or winding 
type, etc. in other compositions. Although it is 
preferable that a power transistor (bi-polar or MIS) 
should be used for inverter, other types of electric 
power semiconductor switch may be used. The 
inverter can operate as a rectifying circuit when the 
Induction machine is used as an electric power 
generator. 

Still furthermore, in the present invention, the 
electric power generation controlling means can 
shift the frequency of the controlling voltage of the 
inverter at the preset intervals and, at the same 
time, detect the variation of the quantity of state 
related to the electric power generating voltage 
before and after the shifting so that the frequency 
can be determined based on the variation and the 
quantity of state. 

In this arrangement, the direction in which the 
frequency should be shifted can simply and exactly 
be determined. 

That is, due to the well-known slip-electric pow- 
er generating current characteristics between the 
electric power generating current and slip s of the 
induction type electric power qenexaWrxq device in- 
cluding single-peak characteristics that the electric 
power generating current reaches the peak value 
thereof in the region where the varying slip s is 
near 0, even if electric power Is generated in the 
same state (with the same electric power generat- 
ing current, battery voltage or electric power gen- 
erating voltage as an example), quite different 2 
regions of electric power generation exist as the 
operation state (efficiency and power factor as an 
example) of the induction type electric power gen- 
erating machine. When the electric power genera- 
tion region in which the absolute value of the slip s 
is smaller is assumed to be a high efficiency region 
and the electric power generation region in which 
the absolute value of the slip s Is larger is assumed 



to be a low efficiency region, it is self-evident that 
the device should operate in the high efficiency 
region as much as possible. However, it is not 
clear in which region the device is operating only 
5 by monitoring the state of electric power generation 
of the induction type electric power generating 
device, e.g., the electric power generating current, 
the battery voltage or the electric power generating 
voltage. 

70 To solve the above problem, in the present 

invention, a judgment is formed in which region (at 
which side from the peak value the frequency is) 
the device is operating by judging whether the 
level of electric power generation is increased or 

/5 decreased at the time when the frequency is shift- 
ed In the specified direction In the preset cycle 
(when the slip s is shifted in the specified direc- 
tion), and based on the judgment, the frequency, or 
the slip is varied in the direction to the preferable 

20 high efficiency region. As a result, the operation in 
the high efficiency region can simply be achieved. 

It is to be noted that as the relation between 
the slip s and the electric power generating current 
is known, as described above, the present slip s 

25 can be known by the quantity and direction of the 
variation of the electric power generating current 
due to the shifting of the frequency. On the other 
hand, the required level of the electric power gen- 
erating current can be determined from the relation 

30 between the battery voltage and the target battery 
voltage (or the battery voltage and the consumed 
current). 

Therefore, how much shifting of the frequency 
is required to obtain the necessary electric power 
35 generating current can be known based on the slip- 
electric power generating current characteristics 
and the present slip s. 

Moreover, in the present invention, the engine 
RPM is detected, so that the electric power genera- 
te tion controlling means can change the inverter fre- 
quency determined by the shifting of the frequency 
based on the engine RPM. 

In this arrangement, even if the RPM suddenly 
varies, the frequency can quickly follow the vari- 
es ation, whereby the delay in the response speed 
can be avoided. 

Incidentally, when where the value obtained by 
multiplying the engine RPM by the preset pulley 
ratio is used as the RPM of the induction type 
50 electric power generating device, as the pulley ratio 
varies according to the type of the vehicle, the 
pulley ratio has to be stored in the nonvolatile 
memory of the controller in advance for each type 
of vehicle so as to achieve a high-precision control, 
55 which is disadvantageous in that the composition 
and manufacturing process of the controller are 
complicated. 
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In addition, as the slip of the belt looped over 
the pulley varies as the time passes, for example, it 
is possible that the estimated RPM of the induction 
type electric power generating device is inexact by 
the variation in the slip ratio of the belt. 

It is still another object of the present invention 
to provide a method for estimating the RPM of the 
induction type electric rotating machine which can 
simply be applied to vehicles with any pulley ratio 
without using any nonvolatile memory. 

To achieve the above object, the electric power 
generation controlling means has an RPM estimat- 
ing means for estimating the RPM of the induction 
type electric rotating machine by the output state 
thereof after the engine starts, whereby the ratio of 
the RPM of the engine to the RPM estimated by 
the RPM estimating means can be, computed and 
stored and the frequency of the inverter can be 
controlled based on the stored RPM ratio, the 
engine RPM and the electric power storing voltage, 
and as a result, the electric power storing voltage 
can be maintained within the preset range. 

In this arrangement, the electric power genera- 
tion control can simply be achieved without using 
any RPM sensor, and furthermore, a device can be 
obtained which can exactly control the slip by 
precisely estimating the RPM of the induction type 
electric rotating machine in spite of the variation in 
the pulley ratio or the slip ratio of the belt. 

On the other hand, in the present invention, the 
RPM estimating means can compute the RPM as a 
function of the frequency of the voltage generated 
in the armature winding during the OFF period of 
the inverter after the engine starts. 

In this arrangement, the RPM of the induction 
type electric rotating machine can simply be es- 
timated. 

Furthermore, in the present invention, the RPM 
estimating means can command the inverter to 
supply electric current to at least one phase of the 
armature winding before estimating the RPM. 

In this arrangement, the electric power generat- 
ing voltage proportional to the RPM of the induc- 
tion type electric rotating machine can easily be 
generated. 

The RPM estimating means can compute the 
RPM as a function of the inverter frequency at the 
time when the quantity of state corresponding to 
the voltage at the DC side of the inverter reaches 
the preset value when the frequency of the inverter 
is varied. 

In this arrangement, the RPM of the induction 
type electric rotating machine can simply be es- 
timated. 

That is. the quantity of state corresponding to 
the voltage at the DC end of the inverter (including 
the battery voltage) has a correlation with the state 
of the electric power generating current (the elec- 



tric power generating current indicating the start of 
electric power generation = 0, for example). 
Therefore, the preset value of the slip S can be 
known from these relations. For example, the slip S 

5 is 0 at the start of the electric power generation, 
i.e., when the electric power generating current is 
0. On the assumption that the exciting current of 
the induction type electric rotating machine is 
known, if the quantity of state corresponding to the 

10 voltage at the DC end of the inverter corresponding 
to the state in which the charging/discharging cur- 
rent is 0 is known, the slip S at this time can be 
known. As a result, the preset value of the slip S 
can be known from the preset quantity of state 

15 corresponding to the voltage at the DC end of the 
inverter. 

Furthermore, the RPM of the induction type 
electric rotating machine is known from the inverter 
frequency at this time and the slip S, and the 

20 pulley ratio can be computed from the RPM of the 
induction type electric rotating machine and the 
engine RPM at this time. After that, the RPM of the 
induction type electric rotating machine can pe- 
riodically be estimated from the pulley ratio and the 

25 periodically detected engine RPM. 

In addition, in the present invention, the RPM 
estimating means can compute the RPM as a 
function of the inverter frequency at the time when 
the polarity of the output current at the DC side of 

30 the inverter is changed when the frequency of the 
inverter is varied. 

In this arrangement, as the slip S is known (0, 
for example) at the time when the direction of the 
output current at the DC side of the inverter is 

35 changed (or when the output current is 0 except for 
the exciting current, or when the output current of 
the inverter is equal to the exciting current assum- 
ing that the exciting current is known), the RPM of 
the induction type electric rotating machine can be 

40 known from the slip S and the inverter frequency 
and the pulley ratio can be known from the engine 
RPM at this time. Therefore, the RPM of the induc- 
tion type electric rotating machine can easily be 
estimated from the pulley ratio and the engine 

45 RPM thereafter. 

As described above, according to the present 
invention, the frequency of the controlling voltage 
of the inverter is controlled based on the quantity 
of state related to the electric power generating 

50 voltage of the induction type electric rotating ma- 
chine excluding the actually measured RPM of the 
induction type electric rotating machine but includ- 
ing the electric power storing voltage of the electric 
power storing means, so that the electric power 

55 storing voltage can be maintained within the refer- 
ence range. 

That is, as there is a known relation between 
the quantity of state related to the electric power 
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generating voltage of the induction type electric 
rotating machine and the frequency, the electric 
power generating voltage can be changed by 
changing the frequency. In addition, as the quantity 
of state indicates the level of the electric power 
generation of the induction type electric rotating 
machine, the level of the electric power generation 
can be changed by changing the frequency based 
on the above quantity of state. Therefore, by 
changing the frequency according to the above 
quantity of state, the electric power generation can 
be controlled so that the electric power storing 
voltage can be maintained within the reference 
range. 

Therefore, according to the present invention, 
the electric power generation control can be 
achieved without using any RPM sensor which has 
been regarded essential for conventional induction 
type electric rotating machines driven by an engine 
for vehicles, and an electric power generating de- 
vice which can stably control electric power gen- 
eration with a simple composition can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and char- 
acteristics of the present invention will be appre- 
ciated from a study of the following detailed de- 
scription, the appended claims, and drawings, all of 
which form a part of this application. In the draw- 
ings: 

FIG. 1 is a block diagram illustrating a circuit of 
an electric power generating device of an em- 
bodiment according to the present invention; 
FIG. 2 is a schematic cross-sectional view illus- 
trating induction machine 1; 
FIG. 3 is a flow chart showing an operation of 
controlling electric power generation in a first 
embodiment; 

FIG. 4 is a flow chart showing en operation of 
controlling electric power generation in a second 
embodiment; 

FIGs. 5(a) and 5(b) show diagrams illustrating 
the single-phase equivalent circuits of induction 
machine 1 ; 

FIG. 6 is a flow chart showing an operation of 
controlling electric power generation in a third 
embodiment; 

FIG. 7 is a characteristic diagram showing the 
electric power generating characteristics of in- 
duction machine 1; 

FIG. 8 is a characteristic diagram showing the 
characteristics of electric power generation of 
induction machine 1 ; 

FIG. 9 Is a block diagram illustrating a fourth 
embodiment according to the present invention; 
FIG- 10 Is a flow chart showing a controlling 
operation in the fourth embodiment; 



FIG. 11 is a timing chart showing the waveform 
of the P terminal voltage after a rotor is mag- 
netized in the fourth embodiment; 
FIG. 12 is a flow chart showing an example of 
5 Step 15 in FIG, 10; 

FIG. 13 is a characteristic diagram showing the 
electric power generating characteristics of in- 
duction machine 1; 

FIG. 14 is a flow chart showing another example 
10 of Step 15 in FIG. 10; 

FIG. 15 is a flow chart showing an operation of 
controlling electric power generation in a sixth 
embodiment: 

FIG. 16 is a timing chart showing the variation of 
75 the respective parameters before and after the 
engine starts; and 

FIG. 17 is a block diagram illustrating a mode of 
computing RPM of the electric power generating 
device Na in engine controlling device 100. 

20 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EXEMPLARY EMBODIMENTS 

Referring now to the appended drawings, de- 
25 scription will be given to an embodiment of the 
induction machine type electric power generating 
device for vehicles according to the present inven- 
tion. 

FIG. 1 shows a block diagram of a first em- 

30 bodiment, FIG. 2 is a schematic, half cross-sec- 
tional view thereof taken in the axial direction, and 
FIG. 3 is a flow chart of the electric power genera- 
tion control operation thereof. 

The electric power generating device for ve- 

35 hides comprises an induction machine 1, a 3- 
phase inverter circuit ("inverter" as referred to in 
the present invention) 2 and a controller ("electric 
power generation controlling means" as referred to 
in the present Invention) 3. 

40 The induction machine 1 is composed of a 

squirrel-cage rotor type 3-phase Induction machine 
which is speed-increasingly driven by a crank shaft 
of an engine 10 of a vehicle through a belt at a 
pulley ratio of approximately 4. Armature winding 

45 ends U, V and W of the induction machine are 
connected to the respective phases of the AC ends 
of the inverter 2. 

The 3-phase inverter circuit 2 is composed of 6 
sets of MOS power transistors (hereinafter referred 

60 to as "transistors") 21 through 26 in 3-phase bridge 
rectifier connection. 

More specifically, the armature winding end U 
is connected to the connecting point (AC end) of a 
U-phase inverter circuit through which a transistor 

55 21 composing a switch at the higher potential side 
and a transistor 24 composing a switch at the lower 
potential side are connected In series; the armature 
winding end V is connected to the connecting point 
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(AC end) of a V-phase inverter circuit through 
which a transistor 22 composing a switch at the 
higher potential side and a transistor 25 composing 
a switch at the lower potential side are connected 
in series; and the armature winding end W is 
connected to the connecting point (AC end) of a 
W-phase inverter circuit to which a transistor 23 
composing a switch at the higher potential side and 
a transistor 26 composing a switch at the lower 
potential side are connected in series. The higher 
potential DC end of the inverter circuit of each 
phases is connected to the higher potential end of 
a battery (electric power storing means) 4 and also 
to one end of vehicle electric loads 5. while the 
lower potential DC end of the inverter circuit of 
each phase, the lower potential end of the battery 
4. and the other end of the vehicle electric loads 5 
are grounded. 

The controller 3 is composed of an electronic 
circuit to which the voltage Vp of the armature 
winding end V ("electric power generating voltage" 
as referred to in the present invention), the terminal 
voltage Vb of the battery 4 ("electric power storing 
voltage" as referred to in the present invention), 
and the working signal voltage of an ignition switch 
(not illustrated) V,g are inputted and from which the 
gate control voltages Vg1 through Vg6 of the 3- 
phase inverter circuit 2 are outputted. In this em- 
bodiment, the controller 3 is composed of a micro- 
computer device. The input interface of the micro- 
computer device is composed of an A/D converter 
for providing A/D conversion to these Inputted vol- 
tages Vp, Vb and V,g respectively, and the output 
interface of the same is composed of a power 
amplifier for providing power amplification to these 
outputted six pulse voltages Vg1 through Vg6 re- 
spectively. As the compositions themselves of 
these interfaces have been known to public, the 
description thereof will be omitted herein. 

As illustrated in FIG. 2, the induction machine 1 
includes a housing 14 rotatably supporting a shaft 
13 with a squirrel-cage rotor 11 and a pulley 12 
fittingly mounted thereon. To the inner periphery of 
the housing 14 is fixed an armature core 16 wound 
with a 3-phase armature winding 15 therearound. 

Numeral 17 denotes a bracket for closing an 
opening of the housing 14 and also for mounting 
the induction machine 1 to a vehicle body. Nu- 
merals 18 and 19 denote bearings. In structure, the 
cooling air taken from intake openings made in an 
end wall of the housing 14 and the bracket 17 is 
discharged from discharge openings made in the 
peripheral wall of the housing 14 and the bracket 
1 7 by the rotation of a fan 20. 

In the predetermined position of the outer pe- 
riphery of the housing 14 is fastened a box-like 
case 14a having an electromagnetic wave shielding 
function. Within this case 14a are disposed the 3- 



phase inverter circuit 2 and the controller 3. 

In this embodiment, the idling revolution num- 
ber (RPM) of the engine 10 is set to 600 rpm, and 
the maximum RPM of the same is set to 6,000 
5 rpm. The 3-phase armature winging 15 is of an 8- 
pole type with a short-pitch concentrated winding 
of 2/37r [rad]. The armature core 16 has 24 slots, 
each slot, which is half-closed, has 6 conductors 
inserted thereinto. 
10 Next, the operational principle of electric power 

generation will be described. 

The engine 10 of the vehicle drives the squir- 
rel-cage rotor 11 to rotate, while the controller 3 
switches and controls the 3-phase inverter circuit 2 
75 to apply the 3-phase AC voltage to each phase of 
the armature winding 15 of the induction machine 
1. Then, the device operates as an electric motor 
or an electric power generator as Is publicly known 
according to the synchronous speed Ns computed 
20 from the frequency f of the applied voltage and the 
slip s {s = (Ns - N)/N} computed from the RPM N 
of the squirrel-cage rotor 11. It is to be noted that 
the device operates as an electric power generator 
when the Ns < N is established. 
25 Now, the operation of forming the 3-phase AC . 

voltage by switching and controlling the 3-phase 
inverter circuit 2 will be described. The voltage Vu 
of the 3-phase armature winding end U is a half- 
wave-long voltage in the positive phase when the 
30 transistor 21 is in the ON position and. on the other 
hand, is a half-wave-long voltage in the (alternatin- 
gly) negative phase when the transistor 24 is in the 
ON position. The voltage Vv of the 3-phase ar- 
mature winding end V is a half-wave-long voltage in 
35 the positive phase when the transistor 22 is in the 
ON position and, on the other hand, is a half-wave- 
long voltage in the (alternatingly) negative phase 
when the transistor 25 is in the ON position. The 
voltage Vw of the 3-phase armature winding end W 
40 is a half-wave-long voltage in the positive phase 
when the transistor 23 is in the ON position and, on 
the other hand, is a half-wave-long voltage in the 
(alternatingly) negative phase when the transistor 
26 is in the ON position. Therefore, the 3-phase AC 
45 voltage can be formed by switching the transistors 
21 and 24, the transistors 22 and 25 and the 
transistors 23 and 26 respectively in the phases 
opposite to each other and by switching the tran- 
sistors 21 , 22 and 23 in the phases different by 120 
50 degrees from each other. 

Next, an example of the electric power genera- 
tion control achieved by the controller 3 will be 
described referring to the flow chart of FIG. 3. 

First, in Step 101. the initial setting is made to 
55 set the frequency of the gate control voltages Vg1 
through Vg6 to 144Hz, at which value the slip s is 
-10% when the engine is In idling. 
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Next, in Step 102, a judgement is formed 
whether or not an ignition switch (not illustrated) is 
in the ON position referring to whether or not the 
working signal voltage V|g is larger than the preset 
voltage (5V in this case). When the judgment is 
negative, the next step is waited for. 

On the other hand, when the judgement is 
positive, the device waits for a sufficient time re- 
quired from the actuation of the ignition switch to 
the completion of the operation of the starter (0.5 
second in this case) in Step 103 until the RPM of 
the engine is established. 

Then, in Step 104, judgment is formed whether 
or not the battery voltage (electric power storing 
voltage) Vb is within the range of the preset voltage 
AV from the reference voltage Vref. When the 
battery voltage Vb is larger than the value "Vref + 
AV", it is judged that the electric power generation 
is not required, and then the preset value Af is 
added to the exciting frequency f in Step 106 to 
control the inverter 2 in Step 108, and then the 
electric power generating current I is detected in 
Step 109. 

Incidentally, the electric power generating cur- 
rent I may be detected by using an electric current 
sensor or by the drop in voltage with a tow resis- 
tance used for detecting electric current. Here, 
however, the difference between the detected elec- 
tric power generating voltage Vp (here, the rectify- 
ing value of the Vp is computed by using software, 
and value V corresponding to the battery voltage 
Vb is obtained by multiplying the rectifying value of 
the Vp by the specified coefficient so that the 
rectifying value of the Vp can be on the same scale 
as that of the battery voltage Vb) and the battery 
voltage Vb is employed as the electric power gen- 
erating current. Further details about this point will 
be described later. 

In Step 110, it is judged whether or not the 
detected or computed electric power generating 
current I exceeds the minimum electric current 
value Imin. When the judgement is positive, it is 
judged that the electric power generating current is 
still too large, that is, the level of the electric 
current generation is still too high, the process 
returns to Step 104, and again in Step 106, the 
frequency is increased and the slip is shifted in the 
positive direction to reduce the electric power gen- 
erating current. 

On the other hand, when the judgement formed 
in Step 110 'is negative, that is, when the electric 
power generating current I is equal to or smaller 
than the minimum electric current value Imin, it is 
judged that, although the electric power generating 
current has sufficiently been lowered, the battery 
voltage Vb is still high, and the electric power 
generation should be stopped as the electric power 
generating current I and the slip should not be 



further reduced. Then, the 3-phase inverter circuit 2 
is turned OFF (on-duty ratio: 0) in Step 112, and 
the process returns to Step 104, 

it is needless to say that, even when the on- 

5 duty ratio is set to 0 in Step 112, the 3-phase 
inverter circuit 2 is tentatively actuated to detect 
electric current in Steps 118 and 119. 

Here, taking Step 110 can prevent the slip from 
shifting in the positive direction and approaching 

10 the slip 0 in excess of the preset slip value by the 
increase in frequency in Step 106. As a result, the 
induction machine 1 can be prevented from errone- 
ously being turned to the motor mode, providing a 
great effect Furthermore, in this case, by setting 

75 the minimum electric current value Imin of the 
electric power generating current I (or the electric 
power generating voltage Vp) to that in the part 
with the slip value of the electric power generating 
efficiency is maximum or in the part to which the 

20 slip value slightly shifts in the positive direction 
from the slip value at which the electric power 
generating efficiency is maximum, the electric pow- 
er generating operation is converged at the part 
with the maximum electric power generating effi- 

25 ciency is maximum as long as the situation per- 
mits, providing further effect. 

In this embodiment, the electric power generat- 
ing level is judged by the electric power generating 
current I in Steps 109 and 110. However, as the 

30 electric power generating current I (or the voltage 
difference "Vp - Vb") has a positive correlation with 
or proportional relationship to the electric power 
generating voltage Vp, it is also acceptable that the 
electric power generating level is judged by detect- 

35 ing the electric power generating voltage Vp in 
Step 109 and judging in Step 110 whether or not 
the electric power generating voltage Vp is larger 
than the preset minimum electric power generating 
voltage Vpmin. 

40 Next, when it is judged in Step 104 that the 

battery voltage Vs is within the voltage range "Vref 
± AV", the frequency f is outputted as it is in Step 
121 

On the other hand, if it is judged in Step 104 
45 that the battery voltage Vb is below the voltage 
range "Vref ± AV", it is judged that charging and 
electric power generation are not sufficient. Then, 
the preset value Af is subtracted from the exciting 
frequency f in Step 114, and the inverter 2 is 
50 controlled accordingly in Step 116. Next, the elec- 
tric power generating current I is detected in Step 
118, and a judgment is formed in Step 119 whether 
or not the electric power generating current I is 
smaller than the preset maximum electric current 
65 value Imax. When the judgement is positive, it is 
judged that the electric power generating current 
can further be increased, and the process returns 
to Step 104. Then, again in Step 114, the fre- 
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quency is reduced and the slip is shifted in the 
negative direction to increase the electric current 
generating current. On the other hand, when the 
judgement formed in Step 119 is negative, that is, 
if the electric power generating current I is equal to 
or larger than the value Imax, it is judged that the 
electric power generating current is too large, and 
the exciting frequency f is slightly increased in 
Step 120, and the process returns to Step 104 to 
protect the induction machine 1 . 

According to the composition and operation 
described above, the electric power generation can 
stably be controlled without any complicated and 
highly precise slip control by means of high-preci- 
sion speed sensors. 

Particularly, the electric power generation con- 
trol can simply and stably be provided to a high- 
speed induction machine type electric power gen- 
erating device driven by an engine for vehicles 
which has high speed, high fluctuation, driven by 
belt at a high pulley ratio and has multiple poles 
("multiple poles" means 6 or more poles in the 
induction machine). 

Here, the initial exciting frequency Fo is set to 
144Hz which is approximately 10% lower than the 
synchronous speed corresponding to the idling rev- 
olution. The aim for this setting is to prevent the 
electric power generating device from at least be- 
ing turned to be an electric motor due to the slip 
made to be negative in the idling revolution, that is, 
to prevent an increase in engine torque due to the 
electric motor operation during Idling. Another ef- 
fect can be obtained that the electric power gen- 
erating device can be controlled within the fre- 
quency range in which the efficiency does not 
significantly lower (the range in which no remark- 
able degradation of the efficiency is caused by the 
normal range of slip 0 to ±10%). 

In this embodiment, although the controller 3 is 
composed of a microcomputer device, it is natural 
that the controller 3 may be composed of a hard- 
ware logic circuit or an analogue circuit. 

It is also acceptable that an engine HPW\ sen- 
sor or an engine ignition signal is obtained from an 
engine control unit (engine controlling microcom- 
puter device normally abbreviated as "E.C.U.") and 
used for controlling the frequency. That is, the 
engine RPM can be detected from the engine RPM 
sensor or the engine ignition signal, and by mul- 
tiplying the RPM by the minimum belt slip ratio 
and the maximum belt slip ratio, the maximum 
possible speed Nmax and minimum possible 
speed Nmin of the induction machine 1 can be 
determined. Accordingly, by setting the synchro- 
nous speed No obtained from the frequency, of the 
gate control voltages Vgl through Vg6 to be at 
least lower than the maximum possible speed 
Nmax, the slip s can be negative, that is, the 



device can be turned to be the electric power 
generating mode. 

A case has been described above where the 
maximum possible speed Nmax and minimum pos- 

5 sible speed Nmin of the induction machine 1 com- 
puted from the engine speed were determined to 
maintain the electric power generating mode. In 
addition, a case where the revolution number of the 
induction machine 1 computed in the above way is 

10 actively used will be described below. 

Slip command value S of the induction ma- 
chine 1 is computed from the function of the dif- 
ference between the battery voltage Vb and the 
reference value Vref thereof and the induction ma- 

75 chine RPM N. Furthermore, the frequency of the 
inverter is determined from the slip command value 
S and the present induction machine RPM N to 
control the electric power generation to the opti- 
mum value. 

so In this case, accurate induction machine RPM 

can not be obtained due to some difference in the 
pulley size according to the type of the electric 
power generating device and the slip of the belt. 
However, by correcting the frequency of the in- 

25 verter determined in the above way with the de- 
viation of the actually measured value from preset 
value of the battery voltage, the device can exactly 
be controlled to the most suitable electric power 
generating state in a short time without using any 

30 dedicated RPM sensor for measuring the RPM of 
the induction machine 1. providing an excellent 
effect. 

Furthermore, by setting the synchronous speed 
No to be at least equal to or lower than the mini- 
35 mum possible speed Nmin, the electric power gen- 
erating operation can be performed at a high effi- 
ciency. 

In the above case, the maximum possible 
speed Nmax and minimum possible speed Nmin of 

40 the induction type electric power generating device 
computed from the engine speed are determined 
to maintain the electric power generating mode. 
Now, a case will be described where the revolution 
number of the induction type electric power gen- 

45 erating device computed in the above way is ac- 
tively used. 

Slip command value S of the induction type 
electric power generating device is computed from 
the function of the difference between the battery 

50 voltage Vb and the reference value Vref thereof and 
the revolution number N of the induction type elec- 
tric power generating device. 

Then, the frequency of the inverter is deter- 
mined from the slip command value S and the 

55 present revolution number N of the induction type 
electric power generating device to control the 
electric power generation to the optimum state. 
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It is to be noted that the accurate revolution 
number of the induction type electric power gen- 
erating device can not be detected from the engine 
speed due to the difference in the type of the 
electric power generating device, the diameter of 
the pulley, the slip of the belt. etc. 

However, as described above, by determining 
the frequency of the inverter by the deviation of the 
actually measured value from the preset value of 
the battery voltage, the device can exactly be con- 
trolled to the optimum electric power generating 
state in a short time without using any dedicated 
RPM sensor for measuring the revolution number 
of the induction type electric power generating 
device. 

Now, a second embodiment will be described 
referring to FIG. 4. 

Prior to the description of the operational prin- 
ciple of this embodiment, the diagram of a single- 
phase equivalent circuit of the induction type elec- 
tric power generating device is illustrated in FIGs. 
5(a) and 5(b). These two figures differently illus- 
trates the same circuit. 

In FIG. 5(a), E denotes an assumption that the 
battery voltage Vb is an AC sinusoidal electric 
power source. Two resistances ri are the resistance 
components of the battery 4 and the inverter 2. Z1 
stands for the impedance of the armature coil (pri- 
mary side), r1 denotes the resistance amount 
thereof, and x1 denotes the reactance amount 
thereof. Z2 denotes the impedance of the rotor 
side (secondary side), r2 denotes the resistance 
amount thereof, and x2 denotes the reactance 
amount thereof. ZO denotes the exciting imped- 
ance, rO denotes the resistance amount thereof, 
and xO denotes the reactance amount thereof. As 
the slip s is negative, electric current flows from 
the induction machine 1 to the battery side. Theo- 
retically, as the ri is known, the detection can be 
made according to the following equation: 

Electric power generating current 1 = (Electric pow- 
er generating voltage Vp (scale converted) - Battery 
voltage Vb) /2ri. 

The electric power generating current I can 
easily be computed as the functional value of the 
values Vp, ZO. Z1 and Z2 from the equivalent 
circuit illustrated in FIGs. 5(a) and 5(b). As the 
values except for the slip s, the electric power 
generating volume Vp and the electric power gen- 
erating current I are known and constant, the slip s 
can easily be computed from the values Vp and I 
based on the equivalent circuit Illustrated in FIGs. 
5(a), 5(b). Furthermore, by storing the map indicat- 
ing the relation among the values Vp.l and s in the 
microcomputer, the slip s can easily be searched 
from the values Vp and 1. 



For reference, if the value ZO is omitted to 
simplify the computation and the power factor is 
also ignored in FIGs. 5(a), 5(b). the above equation 
can be reduced to: 1 = Vp/(r1 + j(x1 + x2) + 
5 r2/s). From this equation, it is understood that the 
electric power generating current I increases when 
the value s shifts from 0 in the negative direction 
and, on the other hand, the electric power generat- 
ing current I decreases when the value s ap- 
70 preaches to 0 from the negative direction. How- 
ever, as there is a high efficiency electric power 
generation range in the zone where the value s is 
near 0, it Is preferable that the slip s should be set 
within the negative value range near 0 (-5% to 
75 -15% as an example) when the electric power 
current I can be further increased. It is also prefer- 
able that the exciting frequency f should be in- 
creased to bring the slip s near 0. 

Now, the operational principle of electric power 
20 generation control of this embodiment wilt be de- 
scribed referring to FIG. 4. 

First, the same processes up to Step 103 as 
those of the first embodiment, which is shown in 
FIG. 3, are followed, and then the electric power 
25 generating current I and the electric power generat- 
ing voltage Vp are detected in Step 204 in the 
same way as the first embodiment. 

Next, the present value Sn of the slip s is 
searched by computation in Step 206 as described 
30 above, and the revolution number N of the induc- 
tion machine 1 is computed from the searched slip 
Sn and the present exciting frequency value fn in 
Step 208. From the value N, the allowable maxi- 
mum slip value (the code is negative, the absolute 
35 value is the minimum value. -8% in this case) 
Smax and the allowable minimum slip value (the 
code is negative, the absolute value is the maxi- 
mum value, corresponding to the maximum value 
of the electric power generating current I) Smin are 
40 computed in Step 210. 

Then, the battery voltage Vb is compared with 
the reference voltage Vref in Step 211. When the 
battery voltage Vb exceeds the reference voltage 
Vref, it is judged that the electric power generation 
45 is not required, and the preset value Af is added to 
the exciting frequency f in Step 212 to control the 
inverter 2. Then, the slip s is computed from the 
newly obtained exciting frequency f and the revolu- 
tion number N obtained in Step 208, and a judg- 
50 ment is formed in Step 214 whether or not the 
computed slip s is lower than the value Smax. 
When the judgment is positive, it is judged that the 
exciting frequency f can further be increased, and 
the process returns to Step 204. When the judg- 
55 ment is negative, the inverter is turned OFF. 

On the other hand, when the battery voltage Vb 
is equal to or less than the reference voltage Vref 
in the comparison made in Step 211. it is judged 
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that the electric power generation should be re- 
inforced, and the preset value At is subtracted from 
the exciting frequency f in Step 220 to control the 
inverter 2. Then, the slip s is computed from the 
newly obtained exciting frequency f and the revolu- 
tion number N obtained in Step 208, and a judg- 
ment is formed in Step 222 whether or not the 
computed slip s is equal to or larger than the value 
Smin. When the judgment is positive, it judged that 
the exciting frequency f can further be reduced, 
and the process returns to Step 204. When the 
judgment is negative, it is judged that further de- 
crease in the exciting frequency f, that is, further 
shifting of the slip s in the negative direction, may 
cause prohibited increase in the electric power 
generating current I. and the preset value Af is 
added to the exciting frequency f in Step 224 to 
control the inverter 2. and then the process returns 
to Step 204. 

Also in this embodiment, it is needless to say 
that, even when the on-duty ratio is set to 0 in Step 
216, the 3-phase inverter circuit 2 is tentatively 
actuated to detect the electric power generating 
voltage Vp and the electric power generating cur- 
rent I in Step 204, for example. 

According to the composition and operation 
described above, the electric power generation can 
stably be controlled without any complicated and 
highly precise slip control by means of high-preci- 
sion speed sensors. 

Incidentally, when the slip s is computed from 
the electric power generating current I and the 
electric power generating voltage Vp as described 
above, as the voltage Vp should preferably be in a 
sinusoidal waveform, it is preferable that PWM 
control should be applied to the inverter 2 so that 
the duty ratio can be an instantaneous value of the 
sinusoidal wave so as to approximate the rectangu- 
lar pulse voltage to a sinusoidal waveform. 

A third embodiment of the electric power gen- 
erating device for vehicles according to the present 
invention will be described with reference to the 
flow chart of FIG. 6. 

First, when the turning ON of the key switch is 
detected in Step S1, the initial setting Is made in 
Step S2. Here in this initial setting, the proportional 
constant P is set to 1 and the present value (output 
value) of the preset inverter frequency, f, is set to 
initial setting frequency value fs. 

It is extremely preferable that the working point 
of the electric power generating device at the en- 
gine speed immediately after the engine starts 
should be within the high efficiency range (region 
between points fd and fc in the frequency-output 
current characteristics illustrated In FIG. 8). There- 
fore, the value fs is set to the preset value within 
the range from fd to fc with respect to the preset 
engine speed immediately after the engine starts. 



Here, the value fd is the inverter frequency value at 
which the slip s is sd with respect to the preset 
engine speed immediately after the engine starts, 
and the value fc is the inverter frequency value at 

5 which the slip s is 0, that is, the synchronous 
frequency. However, in FIG. 8, the value fd is the 
frequency of the inverter at which the output cur- 
rent is at the peak value thereof, and the revolution 
number (RPM) of the induction type electric power 

10 generating device is constant. 

Next, in Step S20, the engine speed Ne is 
detected. In Step S21, the device waits until it is 
confirmed that the engine start has been com- 
pleted based on the engine speed Ne. and when 

75 the completion of the engine start is confirmed, the 
process proceeds to Step S3. Here, the completion 
of the engine start is confirmed by confirming that 
the engine speed Ne has reached the above preset 
engine speed immediately after the engine starts 

20 (400 rpm). Of course, any other known method can 
be employed for confirming the completion of the 
engine start. 

In Step S3, the engine speed Ne equal to the 
above engine speed immediately after the engine 

25 starts is stored as previous engine speed value 
(stored value) Neb, and the above initially set fre- 
quency fs is stored as previous inverter frequency 
value (stored value) fb. 

In Step 30, the device waits for the preset time 

30 (lOOms as an example), and then in Step S4. the 
engine speed Ne is detected again as the present 
value. 

Next, in Step S5, by multiplying the previous 
inverter frequency value fb by the ratio of the 

35 present value Ne to the previous value Neb of the 
engine sped (Ne/Neb). the previous inverter fre- 
quency value fb is shifted in proportion to the 
above ratio of the variation of the engine speed 
(Ne/Neb) and the shifted value is outputted to the 

40 inverter as the present inverter frequency value f 
and the present inverter frequency value f obtained 
after the above shifting is updated as the preset 
value fb (Step S50). In this way, the inverter fre- 
quency can roughly follow the variation in the en- 

45 gine speed. 

What Step S5 means will further be described 
referring to FIG. 7. FIG. 7 illustrates changes in the 
state of the induction type electric power generat- 
ing device when the revolution number thereof 

60 from the value NA to the value MB. 

When the slip-electric power generating current 
characteristics when the revolution number of the 
electric power generating device is at the value NA 
are expressed as A, the slip-electric power generat- 

65 ing current characteristics when the revolution 
number of the electric power generating device is 
at the value NB are expressed as B, and the 
inverter frequency is expressed as f1, the output 
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current i is the value that corresponds to point a. 

If the revolution number of the electric power 
generating device suddenly increases to the value 
NB, the slip-electric power generating current char- 
acteristics turn to be B, and as a result, the slip s 
shifts fronn the high efficiency region to the low 
efficiency region. When the inverter frequency Is 
gradually Increased from f1 to f2 to obtain a value 
equal to the output current or torque at the point a, 
the inverter frequency stops at the point d on the 
property B and does not reach the working point c 
at which a value equal to the output current or 
torque at the working point a in the high efficiency 
region can be obtained. 

Then, reaching the working point c is speedily 
achieved by making the inverter frequency f di- 
rectly jump from the working point a to the opera- 
tion point c at a time by a proportional shifting 
thereof according to the variation ratio of the en- 
gine speed Ne obtained in Step S5. Therefore, the 
inverter frequency f2 after the above shifting is f1 x 
NA/NB in FIG. 7, and the present inverter fre- 
quency value (command value) f after the above 
shifting is fb x Ne/Neb in FIG. 6. 

That is, considering that the ratio of the engine 
speed to the revolution number of the electric 
power generating device is expressed as a pulley 
ratio which is constant, the ratio of NA to NB of the 
electric power generating device is equal to the 
ratio of the engine speeds. Therefore, even if the 
engine speed varies, by changing the inverter fre- 
quency according to the variation ratio of the en- 
gine speed, the slip s of the electric power generat- 
ing device can be controlled to a constant value 
from the known equation of the slip s. 

In the next step, Step S51, the present battery 
voltage value Vb is detected. 

In Step 86, the present engine speed value Ne 
detected in Step S4 is stored as previous engine 
speed value Neb, and the battery voltage Vb de- 
tected in Step S51 is stored as previous battery 
voltage value Vbb. 

In Step S7, the previous battery voltage value 
Vbb is compared with the preset reference voltage 
Vref. When the value Vbb is smaller than the value 
Vref. it is assumed that the working point presently 
exists in the high efficiency range, and the process 
proceeds to Step S8 to make the present inverter 
frequency value f by reducing the previous inverter 
frequency value fb by PAf. On the other hand, 
when the value Vbb is equal to or larger than the 
value Vref. it Is assumed that the working point 
currently exists in the high efficiency region, and 
the process proceeds to Step S9 to make the 
present inverter frequency value f by increasing the 
previous inverter frequency value fb by PAf. Then, 
the present value f is outputted in Step S90, and 
after waiting for the preset time AT. the process 



proceeds to Step S10 to detect the present battery 
voltage value Vb again. 

In Step S11. the relation of the increase or 
decrease in the battery voltage Vb to the shifting of 

5 the inverter frequency made in Steps S8 and S9 
described above is judged. 

That is. when the results of the calculation (f - 
fb)/(Vb - Vbb) are negative, it means that the work- 
ing point of the electric power generating device 

10 exists in the high efficiency region of FIG. 8 (the 
frequency and the output current are in negative 
correlation). On the other hand, when the results of 
the same calculation are positive, it means that the 
working point exists in the low frequency region 

7 5 (the frequency and the output current are in posi- 
tive correlation). 

Therefore, when the results of the calculation 
are negative, i.e., the judgement in Step S11 is 
YES, the process proceeds directly to Step SI 3, 

20 and then the results of the same calculation are 
positive, i.e.. the judgement in Step S11 is NO, the 
proportional constant P is multiplied by -1 to re- 
verse the increase/decrease direction of the fre- 
quency in next Steps S8 and S9, and then the 

25 process proceeds to Step SI 3. 

In Step SI 3, a judgement is formed whether or 
not the value P is negative. When the judgment is 
NO, i.e., the value P is not negative, it is judged 
that the working point exists in the. high efficiency 

30 region, and the present inverter frequency value f 
computed in Step S8 or S9 is stored as the pre- 
vious value fb (Step SI 4). On the other hand, when 
the judgment is YES. i.e., the value P is negative, it 
is judged that the working point exists in the low 

35 efficiency region, and the value obtained by mul- 
tiplying the present inverter frequency value f com- 
puted in Step S8 or S9 by 1.05 is stored as 
previous value fb (Step S15). Then, the previous 
value fb stored in Step SI 6 is outputted to the 

40 inverter as the present value f to be outputted in 
Step 17. 

Here, the present inverter frequency value f 
computed in Step S8 or S9 is multiplied by 1.05 for 
accelerating the shifting as the control range of the 

45 low efficiency region is wider than that of the high 
efficiency region. 

Next, a check is made whether or not the 
ignition switch is in the OFF position (Step SIB). 
When the switch is not in OFF position, the pro- 

50 cess returns to Step S4, and when the switch is in 
the OFF position, the routine is finished. 

By repeating a series of the steps. Steps S4 
through SI 5, while the ignition switch is in the ON 
position, the battery voltage can be maintained to 

55 the reference voltage. Here, Steps S4 through S6 
(for switching the frequency according to the en- 
gine speed) are added for improving the control 
accuracy and responsive, and therefore and can be 
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omitted. 

As described above, this embodiment provides 
an excellent effect that, without using any RPM 
sensor for the electric power generating device, the 
working point of the electric power generating de- 
vice can be searched and thereby the inverter 
frequency to be command next can suitably be 
determined by learning the response of the battery 
voltage Vb at the time when the frequency of the 
inverter is varied. 

In the above embodiment, the response of the 
battery voltage Vb when the frequency is varied is 
learned, however, the same effect can also be 
obtained by learning the response of the output 
current and output voltage of the electric power 
generating device. 

Next, description will be given to a fourth em- 
bodiment of an induction type electric power gen- 
erating device for vehicles according to the present 
invention. FIG. 9 is a block diagram illustrating the 
fourth embodiment, and FIG. 10 is a flow chart of 
the operation for controlling the electric power gen- 
eration thereof. 

The electric power generating device for ve- 
hicles comprises an induction machine 1, a 3- 
phase inverter circuit 2 and a controller 3. 

The induction machine 1 is composed of a 
squirrel-cage rotor type 3-phase induction machine 
which is speed-increasingly driven by a crank shaft 
of an engine 10 of a vehicle through a belt at a 
pulley ratio of approximately 4. Armature winding 
ends of the respective U, V and W phase of the 
induction machine are connected to the respective 
phases of the AC ends of the inverter 2. 

The 3-phase inverter circuit 2 includes six 
MOS power transistors 21 through 26 in 3-phase 
bridge rectifier connection. 

More specifically, the armature winding end of 
U phase is connected to the connecting point (AG 
end) of a U-phase inverter circuit through which a 
transistor 21 composing a -switch at the higher 
potential side and a transistor 24 composing a 
switch at the lower potential side are connected in 
series; the armature winding end of V phase is 
connected to the connecting point (AC end) of a V- 
phase inverter circuit through which a transistor 22 
composing a switch at the higher potential side and 
a transistor 25 composing a switch at the lower 
potential side are connected in series; and the 
armature winding end of W phase is connected to 
the connecting point (AC end) of a W-phase in- 
verter circuit to which a transistor 23 composing a 
switch at the higher potential side and a transistor 
26 composing a switch at the lower potential side 
are connected in series. The higher potential DC 
end of the inverter circuit of each phases is con- 
nected to the higher potential end of a battery 
(electric power storing means) 4 and also to one 



end of vehicle electric loads 5. while the lower 
potential DC end of the inverter circuit of each 
phase, the lower potential end of the battery 4 and 
the other end of the vehicle electric loads 5 are 

5 grounded. 

The controller 3 is composed of an electronic 
circuit to which the voltage of the V-phase armature 
winding end ("electric power generating voltage" 
as referred to in the present invention), Vp, the 

70 terminal voltage of the battery 4 ("electric power 
storing voltage" as referred to in the present inven- 
tion), Vb and the working signal voltage of an 
ignition switch (not illustrated) Viq are inputted and 
from which the gate control voltages Vgl through 

15 Vg6 of the 3-phase inverter circuit 2 are outputted. 
In this embodiment, the controller 3 is composed of 
a microcomputer device. The input interface of the 
microcomputer device is composed of an A/D con- 
verter for providing A/D conversion to these input- 

20 ted voltages Vp, Vb and Vig respectively, and the 
output interface of the same is composed of a 
power amplifier for providing power amplification to 
these outputted six pulse voltages Vgl through 
Vg6 respectively. As the compositions themselves 

25 of these interfaces have been known to public, the 
description thereof will be omitted herein. 

Next, the operational principle of electric power 
generation will be described. 

The engine 10 of the vehicle drives the squir- 

30 rel-cage rotor 11 to rotate, while the controller 3 
switches and controls the 3-phase inverter circuit 2 
to apply the 3-phase AC voltage to each phase of 
the armature winding 15 of the induction machine 
1. Then, the device operates as an electric motor 

35 or an electric power generator as is publicly known 
according to the synchronous speed Ns computed 
from the frequency f of the applied voltage and the 
slip S computed from the revolution number N of 
the squirrel-cage rotor 11. It is to be noted that the 

40 device operates as an electric power generator 
when the Ns < N is established. 

Now, the operation of forming the 3-phase AC 
voltage by switching and controlling the 3-phase 
inverter circuit 2 will be described. The voltage Vu 

45 of the U-phase armature winding end is a half- 
wave-long voltage in the positive phase when the 
transistor 21 is in the ON position and, on the other 
hand, Is a half-wave-long voltage in the (alternatin- 
gly) negative phase when the transistor 24 is in the 

50 ON position. The voltage Vv of the V-phase ar- 
mature winding end is a half -wave-long voltage in 
the positive phase when the transistor 22 is in the 
ON position and, on the other hand, is a half-wave- 
long voltage in the (alternatingly) negative phase 

55 when the transistor 25 is in the ON position. The 
voltage Vw of the W-phase armature winding end 
is a half-wave-long voltage in the positive phase 
when the transistor 23 is in the ON position and, on 
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the other hand, is a half-wave-iong voltage in the 
(alternatingly) negative phase when the transistor 
26 is in the ON position. Therefore, the 3-phase AC 
voltage can be formed by switching the transistors 
21 and 24, the transistors 22 and 25 and the 
transistors 23 and 26 respectively in the phases 
opposite to each other and by switching the tran- 
sistors 21 , 22 and 23 in the phases different by 120 
degrees fronn each other. 

Next, an exannple of the electric power genera- 
tion control (inverter frequency control) achieved by 
the controller 3 will be described referring to the 
flow chart of FIG. 10. 

After the ignition switch is turned ON in Step 
SOI, the transistors 23 and 25 are turned ON 
before starting the engine to allow DC current to 
flow from the battery 4 to the W phase and V 
phase of the armature winding of the induction 
machine 1 . As a result, the rotor of the induction 
machine 1 is magnetized. In this embodiment, al- 
though the induction machine employs star con- 
nection, A connection Is also acceptable. In the 
case of the A connection, when the W phase is 
energized in the forward direction, the V phase and 
U phase are also energized but in the opposite 
direction. When the specified part of the preset 
armature winding is energized with DC current in 
this way. the rotor core is magnetized accordingly. 
When the induction machine 1 is of 2-pole type, 
both the poles of the rotor 11 is magnetized. Nor- 
mally, the rotor 11 of the induction machine 1 is 
slightly magnetized by the excitation of the inverter 
in electric power generating operation. However, 
magnetizing operation in Step SOI is performed in 
preparation for the reduction of the magnetizing 
force of the rotor 1 1 caused by the stoppage of the 
vehicle for a long time, for example. Here, it is 
preferable that magnetization of Step SOI should 
be performed only for a short time (lOOmS as an 
example) to minimize the discharge from battery 4. 
It is possible to omit the magnetization of Step 01 
when the magnetizing amount of the rotor 11 is 
enough to detect the voltage of the armature coil 
15 of Step SOS (described later). 

Next, in Step S03. the device waits until the 
engine start is detected (by the fact that the engine 
speed Ne has reached the preset value). When the 
speed has reached the preset value, all the transis- 
tors 21 through 26 of the inverter 2 are turned OFF 
in Step S04. 

Next, in Step 805. the frequency of the voltage 
generated in the armature coil is measured. 

To be more specific, when the induction ma- 
chine 1 is in rotation, the voltage waveform illus- 
trated in FIG. 11 is generated at the armature coil 
end P by the residual magnetic flux of the rotor 11. 
When the induction machine 1 is composed of n 
pairs of poles, n pairs of N-S pairs are generated in 



the rotor 11 by the operation of Step S02. and as a 
result, the number of the voltage pulses generated 
in the armature winding in rotation is "Na/60 x 
n/sec" (where Na is the revolution number (rpm) of 
5 the induction machine 1). That is. when ts is the 
measured value of the voltage period of the P 
terminal after the engine starts, the revolution num- 
ber of the induction machine 1 at this time is 
expressed by the equation "Nas = 60/n x is 
10 (rpm)". Based on the relationship, the current in- 
duction machine speed Nas is computed in Step 
S11, and then, in Step SI 2. the current engine 
speed Nes is read from the RPM sensor 10a 
attached to the engine. Here, the RPM sensor 10a 
75 is a sensor used for controlling the fuel injection 
rate of the engine, for example, and attached for 
every electronically controlled vehicle. 

Next, in Step Si 3, the ratio of the induction 
machine speed Nas computed in Step S11 to the 
20 engine speed Nes, i.e., R = Nas/Nes, is computed 
and stored in the controller 3. As the ratio R shows 
a revolution number ratio (which corresponds to 
pulley ratio) of the induction machine 1 to the 
engine 10 which drives the induction machine 1 
25 can be obtained by a series of the operations 
described above, by monitoring the engine speed, 
the revolution number of the induction machine 1 
can exactly be detected before controlling the fre- 
quency of the inverter without using any dedicated 
30 RPM sensor for the induction machine. 

That is, in Step S130, the engine speed Ne is 
detected. Next, in Step SI 4, based on the detected 
engine speed Ne, the revolution number Na of the 
electric power generating device 1 is computed 
35 from the equation. Na = RNe, (where Na is the 
revolution number of the Induction machine, Ne is 
the engine speed, and R is the RPM ratio com- 
puted in the previous Step SI 3) to prepare for tfie 
electric power generating control to be performed 
40 in Step S15. 

Next, in Step SI 5. the inverter frequency f is 
determined from the battery voltage Vb ( = Vb), the 
electric power generating device speed Na and the 
slip command value s, and the electric power gen- 
45 oration is controlled. Subsequently, whether or not 
the ignition switch is in the OFF position is judged 
(Step SI 6), and then a series of the steps. Steps 
SI 30 through S16, is repeated while the ignition 
switch is In the ON position. 
50 Next, the description will be given to the opera- 

tion in Step SI 5 of FIG. 10 referring to the flow 
chart of FIG. 12. 

First, the battery voltage Vb is detected in Step 
S1501, and then the battery voltage Vb is com- 
55 pared with the preset value (reference voltage) 
Vreg In Step S1502. 

When the battery voltage Vb is larger than the 
reference voltage Vreg. a check is made whether 
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or not the slip S is negative, that is, whether or not 
the slip S is less than the value Smax in FIG. 13 
(whether or not the device is in the electric power 
generating state). When the slip S is not negative, 
the process proceeds to Step S1506 in which the 
slip value S is shifted to turn the device to the 
electric power generating state. When the slip S is 
negative (the device is in the electric power gen- 
erating state), the process proceeds to Step S1504 
and. to reduce the output o1 the electric power 
generating machine and prevent overcharging, the 
positive preset value AS is added to the slip S to 
approximate the inverter frequency f to the syn- 
chronous frequency. 

On the other hand, when the battery voltage Vb 
is not larger than the reference voltage Vreg in 
Step SI 502, a detection is made whether or not the 
slip S is larger than the minimum allowable value 
Smin (at which the electric power generating cur- 
rent reaches the peak thereof). When the slip S is 
not larger than the value Smin, the process pro- 
ceeds to Step SI 504, and the slip S is shifted 
towards the high efficiency operation region shown 
in FIG- 13. When the slip S is larger than the value 
Smin (when the slip S is in the high efficiency 
operation region), the process proceeds to Step 
SI 506 to approximate the slip S to the value Smin 
and reinforce the charging by increasing the posi- 
tive output of the electric power generating device. 
That is, in Step SI 506, the positive preset value 
AS is subtracted from the slip S in order to ap- 
proximate the inverter frequency f. which corre- 
sponds to slip S, to the inverter frequency fmin at 
the peak of the output current. 

Here, the relation between the slip S of the 
induction type electric power generating device 
and the output current of the same is shown in FIG. 
13. Normally, the slip value is controlled within a 
narrow range of Smin < S < Smax taking the 
electric power generation efficiency into consider- 
ation, where Smin is the slip value at the output 
current peak, and .Smax = 0 is the slip when the 
inverter frequency is a synchronous frequency. 

Then, in Step SI 507. the inverter frequency f is 
computed by substituting the slip S computed 
above and the induction machine speed Na for the 
previously stored characteristics shown in FIG. 13. 
In Step S1508, the computed inverter frequency f 
is outputted to the inverter 2. 

By a series of the operations described above, 
the slip S is controlled according to the battery 
voltage to control the electric power generation 
amount. As a result, even if the engine speed and 
the electric loads vary, the battery voltage can 
always be maintained to the preset reference volt- 
age. 

A fifth Embodiment, which has another method 
for controlling the electric- power generation (in 



Step 15 of FIG. 10), will be described with refer- 
ence to the flow chart of FIG. 14. 

First, in Step SI 511, the maximum value fmax 
and minimum value fmin of the frequency to be 

5 applied to the inverter 2 are set. The reason for 
setting these values is that the slip and the output 
current of the electric power generating device are 
not in a linear relation and the slip value Smin 
exists at which the maximum output current is 

70 generated as described above (see FIG. 13). More 
specifically, the maximum value fmax and mini- 
mum value fmin of the inverter frequency are com- 
puted in Step S1511 from the electric power gen- 
erating device speed Na computed in Step SI 4 of 

75 FIG. 10 and the range of the high efficiency opera- 
tion region (Smin < S < Smax = 0 in this embodi- 
ment) previously determined by the intrinsic char- 
acteristics of the electric power generating device. 
Next, the battery voltage Vb is detected in Step 

20 S1512, and the battery voltage Vb is compared 
with the preset value (reference voltage) Vreg in 
Step SI 51 3. 

When the battery voltage Vb is larger than the 
reference voltage Vreg, a check is made in Step 

25 SI 51 4 whether or not the inverter frequency f is 
larger than the value fmax (synchronous frequen- 
cy), that is, whether or not the inverter frequency 
exceeds the synchronous frequency fmax and is at 
the operation side as the electric motor. When the 

30 inverter frequency f is not at the operation side as 
the electric motor (that is, if the inverter frequency f 
is equal to or lower than value fmax (synchronous 
frequency)), as the inverter frequency is within the 
high efficiency operation region shown in FIG. 13, 

35 the process proceeds to Step SI 51 6 to reduce the 
output of the electric power generating device and 
prevent overcharging, and the preset value At is 
added to the inverter frequency f. On the other 
hand, when the inverter frequency f exceeds the 

40 value fmax (synchronous frequency), as the in- 
verter frequency is at the electric motor operation 
side, the process proceeds to Step S1517, and the 
preset value Af is subtracted from the inverter 
frequency f to return the working point into the high 

45 efficiency operation region in FIG. 13. 

On the other hand, when the battery voltage Vb 
is not larger than the reference voltage Vreg, a 
check is made in Step SI 51 5 whether or not the 
inverter frequency f is larger than the value fmin 

60 (peak frequency). When the inverter frequency f is 
smaller than the peak frequency fmin, it is judged 
that the inverter frequency f is in the low efficiency 
operation region (see FIG. 13), and then the pro- 
cess proceeds to Step SI 516. That is, when the 
55 inverter frequency *f decreases in excess of the 
value fmin, as the inverter frequency f is in the low 
efficiency operation region, the process proceeds 
to Step SI 51 6, and the preset value Af is added to 
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the inverter frequency f to return the working point 
into the high efficiency operation region. On the 
other hand, when the inverter frequency is not in 
the low efficiency operation region (when the in- 
verter frequency f is larger than value fmin (peak 
frequency)), as the inverter frequency is within the 
high efficiency operation region shown in FIG. 13, 
the process proceeds to Step S1517, and the 
preset value Af is subtracted from the inverter 
frequency f so as to reinforce the charging opera- 
tion by increasing the output of the electric power 
generating device. Then, the present value of the 
inverter frequency f computed in Steps S1516 or 
SI 517 is outputted to the inverter 2, and the pro- 
cess proceeds to Step SI 6 of FIG. 10. 

By repeating a series of the operations, i.e., 
Step SI 30 through SI 6 of FIG. 10 including Step 
S1511 through S1518 of FIG. 14, the battery volt- 
age Vb (Vb in FIG. 9) can be maintained to the 
proper value all the time. 

Here, It should be noted that the inverter fre- 
quency f is compared with the values fmin or fmax 
in Steps SI 51 4 or SI 51 5. This process is signifi- 
cant for the following reason: 

When the battery voltage is lower than the 
reference voltage in Step SI 51 3, the frequency 
should be lowered by Af. However, as the relation 
between the slip S and the output current of the 
electric power generating device is characterized 
by a single peak expressing the maximum value, if 
the frequency f is set to a value lower than the 
minimum frequency fmin (corresponding to the slip 
Smin) set in Step SI 511, contrarily, the output of 
the electric power generating device decreases. 
For example, the battery voltage Vb is lowered by 
the operation for increasing the same voltage caus- 
ed in response to the excessively low battery volt- 
age Vb by the increase in the electric loads. This 
embodiment gives a solution to this problem. 

Likewise, by comparing the frequency f with 
the value fmax in Step SI 51 4. the slip S is pre- 
vented from shifting from a negative value (for the 
generating operation mode) to a positive value (for 
the motor operation mode). 

In the above embodiment, the whole of the 
high efficiency operation region shown in FIG. 13 is 
considered as the control operation region. How- 
ever, the control operation region may freely be set 
as long as the same Is within the above high 
efficiency operation region. 

Furthermore, in the fourth and fifth embodi- 
ments, the signal of the engine RPM sensor 10a Is 
arranged to be sent to both the engine controlling 
device 100 for controlling the engine (see FIG. 9) 
and the controller 3 for controlling the inverter 2. 
However, of course, it may also be arranged that 
the controller 3 receives the engine speed Ne from 
the engine controlling device 100. 



Moreover, in the fourth and fifth embodiments, 
the controller 3 inputs the engine speed and the P- 
terminal voltage of the induction machine (W-phase 
voltage) and thereby the pulley ratio is computed 

5 (see Steps S05 through SI 3 of FIG. 10). However, 
it may also be arranged that, after the P terminal 
voltage is inputted into the engine controlling de- 
vice 100 and thereby the pulley ratio is computed 
in the engine controlling device 100, the electric 

10 power generating device speed Na is computed in 
relation to the engine speed Ne and inputted into 
the controller 3 and thereby the electric power 
generation is controlled. In this composition, the 
computation and the storing of the pulley ratio can 

75 be performed by using the microcomputer pro- 
vided within the engine controlling device 100 with- 
out composing the controller 3 from a microcom- 
puter (see FIG. 17). 

Next a sixth embodiment will be described 

20 referring to FIG. 15. 

This embodiment can also be modified to 
avoid the composition of the controller 3 from a 
microcomputer by arranging that the engine con- 
trolling device 100 for controlling engine (see FIG. 

25 9) processes for the computation of the revolution 
number of the electric power generating device as 
discussed above (see FIG. 17). 

First, when the ON state of the ignition switch 
is detected in Step S01, the initial value of the 

30 inverter frequency f to be applied to the inverter 2 
is set to the value fs (Step SOB), and the inverter 
frequency f = fs is outputted to the inverter in Step 
S07. The initial value fs is set to be higher than the 
value of the inverter frequency which synchronizes 

35 with the preset engine speed after the engine start. 

When the engine start is confirmed in Step 
SOS, the preset value Af is subtracted from the 
inverter frequency f. That is, in order to start the 
engine, the inverter frequency f - fs is higher than 

40 the synchronous frequency at the time when the 
engine start is confirmed and the induction ma- 
chine 1 is at the electric motor side. Therefore, it is 
necessary for the inverter frequency f outputted to 
the inverter 2 to be reduced by the value Af, and 

45 then the induction machine 1 is shifted to the 
electric power generation side. 

In Step S10, a detection is made whether or 
not the induction machine 1 has started to operate 
as an electric power generator. The start of electric 

50 power generation can be detected by the direction 
of the current at the DC end of the inverter 2, for 
example. If the induction machine 1 shifts imme- 
diately after the engine starts from the electric 
motor operation mode to the electric power genera- 

55 tion mode by repeating Step SOS, as the voltage at 
the DC end of the inverter 2 gradually increases, 
the start of electric power generation can be de- 
tected by this fact. 

16 



31 



EP 0 665 637 A1 



32 



The operations of detecting the above start of 
electric power generation will further be described 
with reference to FIG. 16. FIG. 16 shows the vari- 
ation of the respective parameters before and after 
the engine start. As apparent from FIG. 16, the 5 
start of electric power generation can be detected 
by the time when the battery voltage Vb exceeds 
the preset level. This method uses the principle 
that when the induction machine 1 is switched from 
the electric motor mode to the electric power gen- io 
eration mode, the battery 4 is switched from dis- 
charging to charging and the battery voltage Vb 
increases. 

There is another method for detecting the start 
of electric power generation in which the output 75 
current of the induction machine 1 is detected. This 
method uses the principle that when the induction 
machine 1 is switched from the electric motor 
operation mode to the electric power generator 
operation mode, the output current thereof is 20 
switched from negative to positive. The output cur- 
rent can be detected by using an electric current 
sensor, or as only the polarity of the output current 
is judged, the detection can simply be performed 
by detecting the voltage drop AV ( = VA-Vb) of the 25 
wire (charging wire) between the induction machine 

1 and the battery 4 for judgment, for example. 

If, in Step S10, it is confirmed that the inverter 

2 starts to charge the battery 4 by detecting the 
terminal voltage and charging current of the battery 30 
4 as described above, for example, the process 
proceeds to Step S11. Until the above start of 
charging is confirmed, Steps SOS through S10 are 
repeated. 

When the frequency at the time when the in- 35 
duction machine 1 has shifted from the electric 
motor mode to the electric power generation mode 
(when electric power generation is started and slip 
8 = 0) can be detected by gradually reducing the 
inverter frequency f, the revolution number Nas of 40 
the induction machine 1 at this time can easily be 
computed from the generated voltage frequency 
related to the inverter frequency f in Step Si 1 as 
described in the fourth embodiment. Accordingly, 
the RPM ratio (pulley ratio) can be computed from 45 
the induction machine speed Nas and the engine 
speed Ne at this time. 

That is, the engine speed ' Nes at this time is 
obtained from the RPM sensor 10a in Step Si 2, 
and at the same time, the RPM ratio R = Nas/Nes so 
is computed in Step SI 3. Hereafter, the electric 
power generating device speed Na when genera- 
tion state is controlled Is computed in Step S14 
from the RPM ratio R and the engine speed Ne 
detected periodically, in the same way as the 55 
fourth embodiment, to most suitably control electric 
power generation in Step S15. 



In the above embodiment, the point at which 
the induction machine 1 is switched from the elec- 
tric motor operation side to the electric power gen- 
erating operation side is searched by gradually 
reducing the inverter frequency f. However, the 
same effect can be obtained by gradually increas- 
ing the inverter frequency f to search the point at 
which the induction machine 1 is switched from the 
electric power generating operation side to the 
electric motor operation side. 

As described above, according to the fourth to 
sixth embodiments, the RPM of the electric power 
generating device 1 can be obtained by using the 
signal of the RPM sensor 10a providing to the 
engine for controlling the engine, for example, with- 
out providing any RPM sensor dedicated for the 
electric power generating device. For this reason, 
the composition can be simple and therefore the 
cost can be reduced, and at the same time, the 
lowering of reliability caused by attaching the RPM 
sensor to the highly vibratory electric power gen- 
erating device 1 can be prevented. 

In addition, as the revolution number of the 
electric power generating device 1 can exactly be 
obtained, the value of the slip S can be maintained 
within the optimum range all the time even when 
the frequency is controlled according to the battery 
voltage in an induction machine type electric power 
generating device (engine) for vehicles in which the 
RPM greatly varies. As the result, the induction 
type electric power generating device can stably 
be controlled. 

In the fourth to sixth embodiments, the RPM 
ratio R is computed each time immediately after 
the engine start. However, the method is not re- 
stricted thereto, and the same effect can be ob- 
tained by computing the same when the vehicle is 
running or immediately before the engine stops. In 
addition, considering that the pulley ratio does not 
suddenly vary, the same effect can be obtained by 
performing the computation and storing periodically 
or before the delivery from the factory (and at the 
time when the electric power generating device is 
changed) instead of performing the same each 
time. Likewise, the influence of the detection error, 
etc. can be eliminated by obtaining the mean value 
(RPM ratio) of the values previously measured for 
several times. 

While the present invention has been shown 
and described with reference to the foregoing pre- 
ferred embodiments, it will be apparent to those 
skilled in the art that changes in form and detail 
may be made therein without departing from the 
scope of the invention as defined in the appended 
claims. 
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Claims 

1. An electric power generating device for ve- 
hicles comprising: 

an induction type electric rotating macliine 
including an arnnature wound with an armature 
winding and a rotor working with an engine; 

an electric power storing device charged 
by the electric power generating output from 
said armature winding; 

an inverter connected at the alternating 
current side to an end of said armature wind- 
ing and at the direct current side to said elec- 
tric power storing device for exciting said ar- 
mature winding by the output of said electric 
power storing device and supplying said elec- 
tric power storing device with the electric pow- 
er generating output of said armature winding; 

a detecting means for detecting the quan- 
tity of state related to the electric power gen- 
erating voltage of said induction type electric 
rotating machine excluding the actually mea- 
sured revolution number of said induction type 
electric rotating machine but including the 
electric power storing voltage of said electric 
power storing device; and 

an electric power generation controlling 
device for maintaining said electric power stor- 
ing voltage within the preset range by control- 
ling the frequency of the controlling voltage of 
said inverter based on the quantity of state 
related to said electric power generating volt- 
age. 

2. The electric power generating device accord- 
ing to claim 1, wherein said electric power 
generation controlling means changes said fre- 
quency in the direction in which the difference 
between the electric power storing voltage of 
said electric power storing device and the 
preset reference voltage is reduced. 

3. The electric power generating device accord- 
ing to claim 1 or 2, wherein said electric power 
generation controlling means computes the 
revolution number of said induction type elec- 
tric rotating machine by multiplying the engine 
speed or the value obtained by multiplying the 
engine speed by a belt slip "ratio by the preset 
belt speed-increasing ration and determines 
said frequency by using the computed revolu- 
tion number of said induction type electric 
rotating machine and the target slip value of 
said rotor. 

4. The electric power generating device accord- 
ing to claim 1 or 2, wherein said electric power 
generation controlling means - sets the mini- 



mum value of said frequency to a value lower 
than the synchronous frequency of said induc- 
tion type electric rotating machine at the time 
when said engine is in idling when said electric 
6 power generation controlling means operates 

in the generating mode. 

5. The electric power generating device accord- 
ing to claim 1, wherein said electric power 

10 generation controlling means detects the elec- 

tric power generating current as the quantity of 
state related to the electric power generating 
voltage of said induction type electric rotating 
machine and controls said frequency based on 

75 said electric power generating current. 

6. The electric power generating device accord- 
ing to claim 1 or 2, wherein said electric power 
generation controlling means detects the elec- 

20 trie power generating voltage of the armature 

winding of said induction type electric rotating 
machine and controls said frequency based on 
said electric power generating voltage. 

25 7. The electric power generating device accord- 
ing to claim 5. wherein said electric power 
generation controlling means computes said 
electric power generating current based on the 
difference between said electric power gen- 

30 erating voltage and the electric power storing 

voltage. 

8. The electric power generating device accord- 
ing to claim 1 or 2, wherein said electric power 

35 generation controlling means computes the slip 

value of said rotor based on the electric power 
generating voltage and electric power generat- 
ing current of said armature winding and com- 
putes the revolution number of said induction 

40 type electric rotating machine from the slip 

value and said frequency and determines said 
frequency by using the computed revolution 
number and the target slip value of said rotor. 

45 9. The electric power generating device accord- 
ing to claim 1, wherein said electric power 
generation controlling means includes a fre- 
quency characteristic judging means for de- 
tecting the relation between the changing di- 
sc rection of the frequency observed by changing 
the frequency of the controlling voltage of said 
inverter and the changing direction of the 
quantity of state related to said electric power 
generating voltage and determines the fre- 
55 quency of said inverter according to the rela- 
tion between the changing directions and said 
quantity of state. 
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36 



10. The electric power generating device accord- 
ing to claim 9, wherein said electric power 
generation controlling means includes a fre- 
quency changing means for changing the fre- 
quency of said mverter according to said en- 
gine speed. 

11. The electric power generating device accord- 
ing to claim 10, wherein said frequency chang- 
ing means changes said frequency in propor- 
tion to said engine speed. 

12. The electric power generating device accord- 
ing to claim 1, wherein said electric power 
generation controlling means includes an RPM 
estimating means for estimating the revolution 
number of said electric rotating machine by 
the output state thereof after said engine starts 
and an RPM ratio detecting means for comput- 
ing the revolution ratio of said engine to the 
estimated revolution number by said RPM es- 
timating means and storing the same and 
maintains said electric power storing voltage 
within the preset range by controlling the fre- 
quency of said inverter according to the stored 
RPM ratio, said engine speed and said electric 
power storing voltage. 



70 



75 



20 



25 



when the frequency of said inverter is 
changed. 

17. The electric power generating device accord- 
ing to claim 1 or 2, wherein the rotor of said 
induction type electric rotating machine is a 
squirrel-cage rotor and driven by said engine 
through a belt and pulleys. 

18. The electric power generating device accord- 
ing to claim 1 or 2, wherein said inverter in- 
cludes six MOS power transistors in three- 
phase bridge connection. 



13. The electric power generating device accord- 
ing to claim 12, wherein said RPM estimating 
means computes the revolution number as a 
function of the frequency of the voltage gen- 
erated in said armature winding during the 
OFF period of said Inverter after said engine 
starts. 



30 



35 



14. The electric power generating device accord- 
ing to claim 13, wherein said RPM estimating 
means commands said inverter to supply elec- 
tric current to at least one phase of said ar- 4o 
mature winding before estimating the revolu- 
tion number. 



15. The electric power generating device accord- 
ing to claim 12, wherein said RPM estimating 45 
means computes the revolution number as a 
function of the inverter frequency at the time 
when the quantity of state corresponding to the 
voltage at the direct current side of said in- 
verter reaches the preset value when the fre- so 
quency of said inverter is. changed. 

16. The electric power generating device accord- 
ing to claim 12, wherein said RPM estimating 
means computes the revolution number as a 55 
function of the inverter frequency at the time 
when the polarity of the output current at the 
direct current side of said inverter is changed 
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